
Medicine and Society

Public Health Challenges for the 21st Century: Convergence of demography,
economics, environment and biology: Nalanda Distinguished Lecture

K.M. VENKAT NARAYAN

appears to have migrated by land to head to the Middle East and
southern Central Asia. These two migrations have since expanded
and populated our entire planet. And so on it goes, and we
continue as a global family, always migrating, meeting, mixing,
interacting and expanding. Although globalization is nothing
new, there are several differences today that introduce considerable
complexity in ways our ancestors never experienced, and this
introduces new challenges to how we might conceptualize and
address global health. The rate of social, cultural, economic,
political and environmental change now is unprecedented, driven
largely by wireless connectivity, television, radio, social media,
modern travel and migration. News travels rapidly today, and all
events anywhere are instantly visible everywhere. Furthermore,
we are faced with an exponential growth of information, with
doubling time of about two years or less,5,6 and as I argue below,
history is forcing us to recognize our interdependence, and also to
acknowledge that our strongest force for change is information
and knowledge.

It is the context of today’s knowledge-driven global world that
makes Nalanda so important. This venerable global centre of
learning and education started as a Buddhist monastery during the
lifetime of the Buddha in the 6th century BC. It slowly evolved into
a full-fledged residential university by the 5th and 6th century AD,
funded by public finances, flourishing as an international centre
of higher learning, boasting 10 000 students and 2000 faculty
from over 90 countries at its peak before being destroyed in the
1190s.7–9 At the time Nalanda fell, after reigning for 800 years,
Bologna University, the oldest in Europe, and Oxford University
had just about started, and Cambridge University had not even
opened. Now, thanks to the efforts of people like Late President
Abdul Kalam, Nobel Laureate Amartya Sen, former Finance
Minister of Singapore George Yeo, and to the vision and support
of the Government of India and collaboration from nine east
Asian countries, a modern Nalanda University has been started
close to the ruins of the prior ancient centre of learning.

Shantarakshita, the Abbot of the ancient Nalanda University in
the 8th century, said: ‘Always investigate, always argue, always
reason.’ This simple but profound idea is increasingly relevant to
the complex world of today and of the future, which is what makes
the revival of Nalanda so pertinent. Reflecting on Shantarakshita’s
words and the revival of the 2000-year-old world centre of
learning allows me the unique pleasure and privilege to take stock
of how economics, demography, environment and biology have
interacted over 2000 years, and what that might foretell for public
health priorities for the next, say 30 or 50 years.

Economy and demography set the context
Economy and demography are powerful influences, and shape the
environment in which we live, and thus structure population and
individual health. For most of the past 2000 years, and right until
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The rapidly changing and interdependent world under the
mega-force of globalization presents unique challenges and
opportunities for public health. Focusing on the example of
type 2 diabetes, I argue that an appreciation for the evolution
of demographic and economic contexts is essential to
appropriately address today’s dynamic and complex health
challenges.

For the vast majority of the past 2000 years, India and
China were the world’s largest economies until the rise of
western European nations in the 18th century and later the
USA. In the case of India, inflation-adjusted per capita income
remained flat between 1700 and 1950, while in the same
period that of the UK grew more than 7-fold, although the
population of the UK relatively grew 3-times faster than that
of India in the same period. This 250-year gap in industrial and
economic development may be central to understanding the
large burden of diabetes among individuals of Indian descent,
and should be taken into account in a wider context to
understand the divergence in health development between
India and parts of the world which benefited from early
industrial progress and accompanying improvements in food
supply, hygiene and living conditions.

Lessons from high-income countries support a strong
emphasis on public health to achieve important population-
wide health gains, and offer insights into the broader
determinants of health such as economic and food security,
equity, urban infrastructure, health-promoting environments,
and access to high-quality health systems. Critical to
contemporary public health is also strong data systems and
evidence-based decision-making.
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INTRODUCTION
Globalization has always been part of humanity. Until about
70 000 years ago human beings inhabited only Africa. It was
around that time that a small number of our ancestors, according
to genetic and paleontological data, started to leave Africa,
probably to escape from the Ice Age that had set on that continent.1–

4 A small group migrated along the coast to Southern India and
some reached as far as Australia. Slightly later, a second group
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the 18th century, India and China were the world’s largest
economies.10–12 Even until 1750, India contributed to nearly a
quarter of the world’s economy, then under colonial rule and
missing the fruits of the industrial revolution, India’s contribution
declined to as low as 3.8% by 1950 when the modern Indian
republic was founded.10,13

Starting at comparable levels, the inflation-adjusted per capita
income in the UK grew more than 7-fold between 1700 and 1950,
coinciding with East India Company and British colonial rule
of India, while the per capita income of India stayed almost flat
(Fig. 1).10,13,14 Interestingly, during this period, the populations of
UK grew relatively three times as fast as that of India; the
population ratio of UK to India was 5.2:100 in 1700 AD and 14:100
in 1950 AD. Therefore, in relative terms the total gross domestic
product (GDP) of UK grew more than 21 times while that of
India’s stayed flat during those 250 years. These data contradict
the oft-held notion that India became poor due to its population
explosion, as UK was able to grow its per capita income 7-fold,
compared to India, despite its population growing three times as
fast in the same period.

India was not alone in this unfortunate experience. Except for
a handful of countries (mainly nations of western Europe, north
America and Australasia), the vast majority of the world was not
only left out from the industrial revolution but also subject to
resource depletion that fuelled economic development elsewhere.
A huge gap in economy and standard of living thus resulted over
250 years between the few countries that enjoyed the benefits of
the industrial revolution from the vast majority that did not. The
gap between the world’s poorest and richest country in 1700 was
about 1 in 3 or 1 in 4, but now approaches 1 in 400.15 Therefore,
any understanding of lifestyle or health status differences today
between, say a high-income country such as the UK, and a low-
and middle-income country (LMIC) such as India, cannot ignore
the numerous confounding factors introduced by this 250-year
period that dramatically separated the two populations in terms of
economic development.

These differential economic development patterns are intimately
linked with the tale of population growth and health globally. The
population of human beings on this planet has been rather small
for the overwhelming part of human history. Human population

on earth reached its first billion only in around 1800, and the
second billion in the early part of the 20th century, and has since
grown rapidly, reaching 7 billion people in 2011.16,17

Industrialization, and accompanying improvements in food
production and distribution, sanitation and hygiene have been
major players in reducing mortality rates and extending life
expectancy. Thomas McKeown in his classic work analysed the
reduction in mortality rates in England and Wales in the 19th
century, showing the decline in mortality rates from six major
infectious diseases between 1770 and 1900.18,19 He concluded that
the population growth and improved health in England and Wales
in that period was overwhelmingly due to improved food production
and nutrition, and due to environmental factors. Much of the
decline antedated major medical breakthroughs (e.g. immunization,
antibiotics), allowing McKeown to also conclude that the role of
medicine in improving the health of the population of England
and Wales in the 19th century, when that country was also rapidly
growing industrially and economically, was negligible.19

The majority of the world, including India, did not benefit from
the kind of improvements in health in the 19th and early 20th
centuries seen in countries such as the UK, other parts of western
Europe and north America, as they had missed out on the
exponential economic development ushered in by the industrial
revolution, and thus also the accompanying improvements in food
production, nutrition, sanitation and hygiene. For example, during
the time of the industrial revolution, economic growth in India
was virtually stagnant.

Even in the post-independence period from 1950 to the late
1980s, India’s total GDP grew very slowly, remaining almost flat
during the first three decades, while the population more than
doubled from around 360 million in 1950 to 780 million in
1985.14,20 India has, however, experienced rapid growth of its
economy since the 1990s, when market liberalization began.
Compared with the period before liberalization, India’s GDP has
expanded at a considerable pace, with per capita GDP (PPP)
growing from US$ 1275 in 1985 to US$ 6746 in 2015. Currently,
India is the fastest growing large economy in the world, and
several projections indicate that India may emerge as the world’s
third largest economy, behind China and the USA, by around
2030, and continue to grow at a robust pace for the most part of
this century.21–23 There is also a major and growing shift in the size
of the sectors contributing to India’s economy: services have
grown from contributing 30% to the economy in 1950 to 59% in
2012, while agriculture has declined from 50% in 1950 to 14% in
2012.14

With these modern economic changes, the picture with respect
to health has also changed in India and elsewhere. In the past 50
years, life expectancy has been growing in all but a few of the
world’s countries, and countries that lagged behind have been
gaining life expectancy at a much faster rate than happened in
today’s high-income countries in the 19th and early 20th century.
For example, while life expectancy has grown in the USA from
68.9 years in 1950 to a projected 81.2 years in 2030 (+12.3 years),
India’s will have grown from 37.4 years to 72.6 years (+25.2
years) in the same period.24 This pattern of rapid recent improvement
in life expectancy is also true for the majority of LMICs, coinciding
with the active economic growth and development witnessed in
many of these countries.

Changing pattern of health
The past two decades have witnessed major declines in childhood
and maternal mortality, and in deaths from infectious diseases,
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especially in LMICs.25–28 This has meant a major change in pattern
of disease, with shift away from communicable disease risks in
children toward non-communicable disease (NCD) risks in
adults.26,29 For example, while in 1990, the leading causes of death
worldwide, including India, was largely dominated by
communicable diseases and under-nutrition, by 2010, the leading
causes of death are from NCDs (e.g. ischaemic heart disease,
stroke, chronic obstructive pulmonary disease, cancers, diabetes).
Yet many LMICs, including India, also have an unfinished agenda
of under-nutrition, child and maternal mortality and communicable
diseases, and have the daunting challenge of dealing with the
‘dual burdens’ (under-nutrition and overweight/obesity,
communicable diseases and NCDs coexisting in large numbers).

With NCDs now as the leading cause of death across the world,
six of the top ten risk factors for mortality worldwide are cardio-
metabolic risk factors (high blood pressure, tobacco use, high
blood glucose, physical inactivity, overweight and obesity, high
cholesterol), and are related to lifestyles and behaviours associated
with economic development;30 these risk factors along with
unhealthy diet, excess alcohol and substance use, are also the
leading cause of disability, as measured by disability-adjusted life
years (DALYs).31 With advancing economic development, there
is a convergence between causes of death in high- and low-income
countries In addition to causing premature deaths, NCDs also
impact quality of life and economics.32 NCDs disproportionately
strike young people in LMICs and consequently adversely impact
the workforce and the country’s economic potential. By virtue of
being chronic, most NCDs are lifelong and are costly for the
individual and society to treat. The World Economic Forum
considers NCDs among the highest likely risks and most severe
for global economic development, and therefore, need to be
prevented and controlled.30

INTERACTION OF ECONOMICS, DEMOGRAPHY,
ENVIRONMENT AND BIOLOGY
The example of type 2 diabetes in India and other LMICs
As a prototypical NCD, type 2 diabetes offers a contemporary
example of a major global health threat that emerged alongside
modern globalization and is very much at the intersection of
economics, demography, environment and biology. Moreover,
type 2 diabetes also offers a sobering example of how disease
patterns and presentations may vary across the world due to
historical differences in the timing and intensity of industrial and
post-industrial economic development. For example, the pattern
and presentations of type 2 diabetes in LMICs, which missed
major industrialization and economic development for two
centuries or more, may be different than that established in the
high-income countries that benefited from industrialization in
this historical time period.33,34

While the unprecedented increase in diabetes globally is new,
the disease itself is not new, and has been described in ancient
times by the Greeks, the Romans, the Arabs and Indians. For
example, the 6th century Ayurveda textbook, Charaka Samhita,
had this to say: ‘There are two forms of diabetes (Madhu Meha);
one associated with emaciation, dehydration, polyuria and
lassitude, and the other with stout build, gluttony, obesity and
sleepiness.’35 There are, at least, 25 words in the Sanskrit language
associated with diabetes.36 This indicates that the disease was
present many centuries ago, albeit rarely and possibly affecting
only some groups. What brought the modern epidemic of type 2
diabetes to the forefront of public health research was the sudden
explosion of the disease in the second half of the 20th century in

Pima Indians of Arizona. The Pima Indians comprise one of the
pre-Columbian migrations to the Americas, probably from Central
Asia, about 35 000 years ago.37–39 A group of them had settled on
the banks of the Gila river, and had a small but stable agricultural
economy. The Pimas had a physically active lifestyle and largely
ate traditional foods, and there is documented evidence supporting
that there was very little diabetes in the population right until
1937. Data from a survey of the Pima population in Arizona in the
early 1960s, however, shocked the world when it was found that
50% of them had diabetes by 45 years of age, and that all of the
diabetes in Pimas was what we today call type 2.40 Furthermore,
the population had become very obese, and children as young as
7 years were developing type 2 diabetes.41 It is believed that the
driving factor for the growth of diabetes in the Pimas was the
change in the environment and in the Pima way of life brought on
by the building of the Roosevelt dam, which dried up local
agriculture. The end of indigenous agriculture, in turn, caused the
population to become physically inactive and reliant on federally
subsidized modern foods from the neighbouring metropolis of
Phoenix.

Little did the world suspect that what was happening in the
Pima Indians was a forecast of what would happen the world over
in the next 50–70 years with modernization and industrialization
spreading, and universally changing the environment and
traditional ways of life in agrarian communities. Over the past few
decades, the majority of countries across the world have seen
increases in average population body mass index (BMI), a rise in
obesity, and alongside this, also increases in average population
glucose levels and a rise in type 2 diabetes.42 This increase in type
2 diabetes is now universal and affects all countries of the world,
regardless of income level, and affects urban and rural parts, rich
and poor. By current estimates, there are 387 million people with
diabetes worldwide, and by conservative projections, there will
be an additional 205 million affected by 2035.43

While all regions of the world are affected, the Indian
subcontinent has a disproportionate and rapidly growing diabetes
burden, and people living in or from this region of the world have
an especially heightened risk, often at younger ages and at lower
BMIs.44–46 There has been a phenomenal rise in diabetes in India
and other South Asian countries during the past decades. In the
city of Chennai in South India, for example, the population
prevalence (proportion of people with diabetes) has grown from
2.3% in 1971 to 14.1% in 2004, and 22.8% in 2015.47–51

Furthermore, migrants from the Indian subcontinent have the
highest diabetes prevalence among all migrant ethnic groups in
the USA, and even normal weight migrants from the Indian
subcontinent have as high or higher diabetes prevalence than
obese migrants from Europe.44 Recent data indicate the prevalence
of type 2 diabetes even in underweight residents of Chennai is
strikingly high. Comparison studies between Chennai Indians and
Pima Indians indicate that by 55 years of age, the prevalence of
diabetes is 50% in both groups, but the Pima Indians are relatively
far more obese and insulin-resistant, while the Chennai Indians
experience diabetes risk even at lower BMIs and may have
relatively lower insulin secretion to begin with.33

The high risk of diabetes in Indians, and the differences in the
pattern of type 2 diabetes presentation (i.e. occurring even in thin
people, and possibly related to poor insulin secretion in addition
to a propensity to insulin resistance) may have to do with historical
differences in terms of differential timing in the introduction of
modernization and industrialization, and biological adaptation to
the centuries of maternal and childhood under-nutrition that the
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populations of the Indian subcontinent have been exposed to.
Several investigations, including the New Delhi Birth Cohort
Study, support the idea that poor early nutrition increases fat
deposition, poor insulin secretion and heightened risk of diabetes
in later life.52,53 This becomes important in the context of the
Indian subcontinent, where levels of nutrition, especially maternal
and childhood, which were perhaps among the best in the
Mesolithic period,54 have since been increasingly poor for centuries,
and now the environment and lifestyles are changing rapidly to
promote physical inactivity and processed foods, high in refined
carbohydrates and saturated fats, and low in protein, creating a
toxic diabetogenic situation.

While biological susceptibility probably conferred by
adaptation to thrifty nutrition for centuries may set the context to
diabetes and other NCD risk, the drivers of modern shifts in
lifestyle towards physical inactivity and poor diet are important to
address. These operate at several levels: (i) globalization and trade
policies favour production and consumption of processed
unhealthy calorie-dense foods, increased food diversity, a
proliferation of unhealthy locally made fast foods, sweetened
beverages, alcohol and tobacco, while costs of healthy foods
(fruits and vegetables, high-fibre breads, monosaturated fats,
proteins) are prohibitive; (ii) national and regional subsidies
preferentially support refined carbohydrates, notably polished
white rice; (iii) popular culture combined with modern technology
promotes sedentary behaviours (e.g. television watching, computer
games); (iv) traditional cultural norms favour consumption of
fried and refried foods, unhealthy amounts of salt added to
cooking; (v) unplanned urban development inhibits physical
activity, contributes to air pollution and to major stresses in daily
living.

Reflections on public health achievements and looming
priorities ahead
When one examines the major gains in health of populations and
of individuals in industrialized countries in the 19th and 20th
centuries, the major drivers have been improvements in economy
(both national and per capita) and accompanying better nutrition
and hygiene, and healthier living environments. The Centers for
Disease Control and Prevention (CDC) identified 10 major 20th
century public health achievements (Table I),55 and most of these
have been driven by policies and organized efforts to improve
nutrition, reduce exposure to unsafe products and environments,
and effective delivery of high-quality preventive care (e.g.
immunization, control of cardiovascular risk factors).

Many of these public health successes in industrialized countries
can be replicated in LMICs like India, and even speeded up, given
the right conditions––e.g. good policies and governance, good
public health infrastructure and active community involvement—
as was seen with the eradication of smallpox and now the
elimination of polio, and the major improvements in maternal and
child health in the past few decades. Yet, as LMICs like India try
to bridge and leapfrog the 250-year industrial gap, and the major
gaps in health status that have resulted from it, many contemporary
challenges at a broad level need to be addressed (Table II).
Foremost among these are attention to poverty and economic
security, peace, climate change and healthy environment, planned
urban infrastructure, safe water and food security, dealing with
the dual challenges of infectious and non-communicable diseases,
and health systems. All of these are complex interconnected
issues needing strong global cooperation and committed local
action, as in an interdependent world, global and local are two

sides of the same coin. Some examples of such global collaboration
are evident––notably, the global fight against HIV, the efforts to
reduce child mortality and, more recently, the Paris accord on
climate change.

The biggest drivers of change in today’s fast-paced and
interconnected global world are high-quality information (in
terms of disease burdens, risk, distribution, causes and evidence
on effective interventions) and the spread of it through networking
to implement evidence-based programmes in scale and rapidly.
Yet, the current picture suggests that the regions of the world with
the biggest disease burdens have scant investments in information
and research, and often borrow knowledge from studies conducted
in high-income countries.33 This may not always work, as disease
patterns, response to prevention and treatment, and nuances of
clinical and public health policy may vary, depending on historical
and current socioeconomic contexts.

CONCLUSION
Health is very much a product of the interaction between biology
and the environment, and the larger context of public health is set
by major societal factors, notably economics and demography.
Public health has delivered major, often unsung, benefits over the
past two centuries, especially in high-income countries, and is
now very much at the intersection of many of the issues confronting
a globalizing world––trade and economics, environment, poverty,
human rights and health. Inherent to public health is its
interdisciplinary orientation, and the need for a perspective beyond
medicine, encompassing all factors that nurture a healthy
environment.
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